We have immunocytochemically shown a significant reduction in the amount of laminin M (or merosin; a tissue-restricted basal lamina protein expressed in striated muscle, Schwann cells, and placental trophoblast) in the skeletal muscle of Fukuyama type congenital muscular dystrophy (FCMD).1) To inquire into the role of laminin M in the process of muscular dystrophies, we examined laminin M in several animal models that cause muscular dystrophy. Immunofluorescent, immunoblotting, and electron microscopic analyses have revealed that laminin M is missing from skeletal and cardiac muscles and peripheral nerve in the affected homozygous C57BL/6J-dy/dy mice, but not in the non-affected heterozygous Dy/dy and the other dystrophic animal models including mdx mice, BIO 14.6 hamsters, and line 413 chickens. In the dy/dy mice, laminin M mRNA is not detected by Northern blotting, but becomes detectable by RT-PCR amplification. Other components of the basal lamina such as laminin B, beta-integrin, type IV collagen, and fibronectin are normally expressed in all animals examined, including the dy/dy mice. These observations strongly suggest that laminin M defect is primarily responsible for the pathogenesis of muscle fiber damage and dysmyelination of the dystrophic dy/dy mice.
Introduction.
In 1955, a progressive fatal murine muscular dystrophy had been discovered as a spontaneous mutant of the strain 129 mice at the Jackson Laboratories, and designated as dystrophia muscularis (dy).2~ The disease is inherited in an autosomal recessive fashion and a gene responsible for dy has been assigned to mouse chromosome 10 where the gene for utrophin is located.3~ But utrophin is present in the muscle membrane of the dyldy mice.4>,5) Dystrophin and dystrophin-associated glycoproteins (DAGs) have well been studied in muscular dystrophy models, e.g., the mdx mice,6~-9) BIO 14.6 hamsters,lo),11) line 413 chickens,9~'12~ and dy/dy mice,4),5> but other gene products in these animals have to be further investigated.
In the dy mice, three genotypes occur, i.e., dy/dy (affected homozygous), Dy/Dy (unaffected homozygous) and Dyldy (unaffected heterozygous carrier). 13) Homozygous dyldy mice show morphological similarities to the severe human muscular dystrophies such as Duchenne (DMD) and Fukuyama (FCMD) types, except dysmyelination in the proximal part of sciatic nerves and the ventral and dorsal spinal roots. 14)18) Recently, we found a marked reduction in the amount of laminin M in skeletal muscle of the patients with FCMD') in sharp contrast to the preservation of other proteins in the basal lamina by immunofluorescence, implying a primary or central role of laminin M in the early stage muscle fiber damage of FCMD patients.
In the present study, we have examined the changes of laminin M and other protein components of the basal lamina and the membrane-associated cytoskeletal protein, dystrophin, in the C57BLl6J-dyldy mice and other animal models of muscular dystrophy.
Materials and methods. Fertilized ova (2-cell ovum) of the dystrophic homozygous dyldy mice (C57BLl6J-dyldy) were purchased from Central Institute for Experimental Animals (Kawasaki, Japan). The inseminated ova were then transferred to the salpinx of the non-dystrophic female ICR mice, and litters of dystrophic dyldy, Dyldy, and its age-matched control C57BLl6J mice were obtained. Mice were sacrificed by cervical dislocation. Muscles and other tissues were examined up to 3 months after birth. Muscles from dystrophic chickens (line 413), hamsters (BIO 14.6), and mice (mdx) were studied together.
Antibodies. Anti-laminin M antibodies used in this study are polyclonal affinitypurified rabbit antibody against the C-terminal segment of human laminin M,1>"9) and polyclonal rabbit antibody against the N-terminal segment of mouse laminin M,19) (kindly presented by Dr. Engvall). Polyclonal rabbit anti-mouse laminin B (Upstate Biotech. Inc., U. S.A. ), and antibodies against type IV collagen (Advance Inc., Tokyo), beta-integrin (Chemicon Inc., U.S.A.), fibronectin (Chemicon Inc., U.S.A.), and dystrophin 6-101) were also used simultaneously. Affinity-purified fluorescein isothiocyanate (FITC)-labeled goat F(ab')2 anti-rabbit IgG was obtained from Tago Inc., and used as the second layer antibody.
Immunocytochemistry. Immunocytochemical analysis of each tissue was accomplished as previously described. 1)
Immunoblotting. Skeletal muscle laminin M was extracted by EDTA-containing buffers as previously described. 1) Samples, each containing the same amount of myosin (pre-quantitated by densitometry) were transferred to a nitrocellulose sheet and allowed to react with anti-laminin M antibodies for overnight at 4°C. The reaction was visualized by the ABC kit (Vector Lab. U.S.A. ).
Electron microscopy procedures. Glutaraldehyde fixation was used to obtain optimal preservation of fine structure as described previously with or without lantanum nitrate treatment. 14) RNA analysis for laminin M. Total RNA was extracted from the frozen muscle tissues by acid guanidium thiocyanate-phenol-chloroform method, and poly A+ RNA was extracted for Northern blot test using the QuickPrep mRNA purification kit (Pharmacia). RT-PCR analysis was accomplished as described by Engvall et at. (1992) . 19) Results. In the homozygous dyldy mice, no detectable immunostaining for laminin M was found in skeletal ( Fig. 1) and cardiac (not shown) muscles, but was present in the heterozygous Dyldy and the control DylDy mice. However, all other dystrophic animals, including mdx mice, BIO14.6 hamsters, and line 413 chickens had positive immunostaining for laminin M at the basal lamina and showed a sharp delineation around each muscle fiber (Fig. 1) . Endoneurial basement membrane of intramuscular nerves and spinal nerve roots were also stained with anti-laminin M antibodies in all animals except the dyldy mice (Fig. 2) . Although laminin M was missing in the dy/dy mice, other major components of the basal lamina, i.e., laminin B subunit, type IV collagen, and fibronectin were immunostained normally (data not shown).
On immunoblot analysis of skeletal muscle, 80 kd band which corresponds to the C-terminal segment of laminin M was clearly shown in the control and heterozygous Dyl dy mice, but barely detectable or greatly reduced in the dy/dy mice (Fig. 4a) .
Electron microscopic study revealed a thinner and occasionally disrupted basal lamina in most of the dyldy muscle, while in the control Dy/Dy, thicker and continuous normal basal lamina was observed consistently (Fig. 3) .
Northern blot analysis of muscle failed to detect laminin M mRNA in the dy/dy mice, while RT-PCR analysis detected laminin M mRNA of similar size in both dy/dy and its control Dy/Dy (Fig. 4b) .
Discussion. Basal lamina is a specialized extracellular matrix that contains at least one of several variants of laminin (A, B1, B2, M, S, K) and type IV collagen in addition to fibronectin and heparan-sulfate proteoglycan and is thought to contribute to the regeneration after injury or to the development of myogenic cells. Several diseases that can be caused by abnormality of extracellular matrix of collagen (I, II, IV, VII), and laminin K have been known.2°~-24~ And we have found laminin M reduction in the FCMD skeletal muscle. 1) Laminin M is a major isoform of laminin heavy chains in the basal lamina in postnatal muscle and nerve. It should be specifically mentioned that our study demonstrated a defect of only laminin M but not other components of the basal lamina in the skeletal and cardiac muscles and peripheral nerve of dy/dy dystrophic mice. On the other hand, laminin M is not missing in non-affected Dyldy, and Dy/Dy mice. Further, dystrophic mdx mice, hamsters, and chickens also express laminin M and other components of the basal lamina normally, indicating that changes of laminin M is specific to the dyldy mice.
There have been an argument that dysmyelination of nerve in the dyldy mice would be unrelated to the coexisting dystrophic changes of skeletal muscle. 15) However, since we found the defect of laminin M in both nerve and muscle of the dy/dy mice but not in the controls and heterozygoutes, it is highly conceivable that primary abnormality of laminin M could exert a pleiotropic effects on both muscle and nerve, as seen in the dy/dy mice. Laminin is supposed to interact with receptor proteins on the plasma membrane of muscle fiber such as integrins25> and 156 K DAG.26> Integrin is shown to act as an efficient signal transduction molecule through the plasma membrane.27) In the dy/dy mice, M-subunit missing laminin at the basal lamina may not be able to have a physiological contact with the underlying plasma membrane. In fact, our EM results have shown a frequent detachment and gaps of basal lamina from underlying plasma membrane in the dy/dy mice but not in the control and the dystrophic mdx mice.
Results of Northern blot and RT-PCR analyses of muscle suggest the presence of a small amount of mRNA in the dy/dy mice. Intriguing question that should be answered is to clarify how the laminin M abnormality observed in the FCMD muscle is related to the 
